Abstract Unlike other balistids, grey triggerfish Balistes capriscus occur in social groups in subtropical reef assemblages and have been noted to cooperate in capturing large crustacean prey. The objective of this study were to determine the structure of dominance hierarchies of these social groups and the factors that influence hierarchies of wild-caught grey triggerfish in a naturalistic setting. From observations of four groups of triggerfish (n = 19 fish) in both dyad and group (4 -5 fish) settings, we provide a description of triggerfish behaviors and coloration patterns and an explanation of the social context in which suites of behaviors are used by dominant, middle-ranking, and subordinate fish. Sixteen behaviors and nine coloration patterns were noted for grey triggerfish. Grey triggerfish groups form linear hierarchies in both dyads and groups as measured by Landau's Index of Linearity (h = 1.0 for Groups 1, 3, and 4 and h = 0.95 for Group 2 in dyads; h = 1.0 for all groups in group settings). Dyadic hierarchies, however, were not necessarily good predictors of the hierarchies found in larger group settings, as they only predicted two of the four group hierarchies. Sex played no role in influencing status or behavior. Size had the greatest influence on domi- 
Many animal social systems, in which group relationships may be long-term, are based on a dominance hierarchy, whereby some members of the group physically dominate other members in a relatively orderly and long-lasting fashion (Wilson, 1975) to gain a disproportionate share of available resources (Metcalfe, 1986; Grant et al., 1989; Metcalfe et al., 1989; Forrester, 1990; Holbrook and Schmitt, 1992; Kroon et al., 2000; Webster and Hixon, 2000) . Such hierarchies help provide structure to the social system such that agonistic interactions are reduced between group members, even when individuals possess weapons capable of inflicting damage upon conspecifics. Hierarchies are either linear or nonlinear. Linear hierarchies are transitive in nature, with a top-ranking (alpha, α) individual that dominates all others, a second-ranking (beta, β) individual that dominates all but the alpha, a third-ranking (gamma, γ) individual that dominates all others besides the alpha and beta, and so on (Lehner, 1996) . Nonlinear hierarchies are intransitive (circular) in nature, such that the alpha dominates the beta, the beta dominates the gamma, and the gamma dominates the alpha (Lehner, 1996) .
While an observed hierarchy may initially appear to be linear, individuals of middle rank may repeatedly supplant each other over time, resulting in a dynamic reshuffling of ranks (de Vries, 1998) . Because of these possible alterations in hierarchies, Drews (1993) re-synthesized the concept of dominance as a pattern of repeated, agonistic interactions between pairs of individuals, with a predictable outcome in favor of the same dyad member and a lack of response from its opponent rather than an escalation of aggression. The consistent winner is defined as the "dominant" whereas the consistent loser is defined as the "subordinate".
Individual success in competitive interactions and the determinants of a dominance hierarchy formation have been hotly debated (de Vries, 1998; Jameson et al., 1999) but are distilled down to two main ideas: intrinsic and extrinsic factors. Intrinsic factors are those traits or attributes of an individual that correlate with fighting ability, such as physical size, weapon size, and/or level of aggression (Landau, 1951a,b; Huntingford and Turner, 1987; Archer, 1988; Barki et al., 1991; Beaugrand et al., 1991; Lindstrom, 1992, 1993; Drews, 1993; Huntingford et al., 1995; Nakano, 1995; Pavey and Fielder, 1996; Rutherford et al., 1995 Rutherford et al., , 1996 Vye et al., 1997; Webster and Hixon, 2000) . Extrinsic factors arise not from any physical attributes of the animal but from the social dynamics or social context in which the animal has participated. They include such things as prior fighting experience, prior residency, order of introduction to the group, and presence of bystanders during previous encounters. These are generally termed winner and loser effects (Parker, 1974; Rubenstein and Hazlett, 1974; Burk, 1979; Chase, 1982; Figler and Einhorn, 1983; Franck and Ribowski, 1987; Evans and Shehadi-Moacdieh, 1988; Chase et al., 1994; Peeke et al., 1995; Hsu and Wolf, 1999; Dugatkin, 2001) . Both intrinsic and extrinsic factors can operate simultaneously (e.g., Chase et al., 2002) , particularly when differences in intrinsic factors are small (Webster and Hixon, 2000) . However, it may be more difficult to determine the relative importance of extrinsic factors in determining a hierarchical pattern, especially when examining established social groups. In such groups, behavioral patterns expressed by group members may be the result of prior interactions that established the hierarchical pattern and successive behaviors.
Most methods for determining hierarchy structures are based on laboratory studies investigating dominance relations between pairs ("dyads", c.f., Drews, 1993) or triads of animals, rather than small groups (which would provide dominance ranking information). Recording the outcome of competition over resources, or types of contact upon initial and repeated meetings, for each pair in a group reveals that one individual often supplants all others, while middle-ranking and bottom-ranking individuals displace each other in an intransitive manner. However, such studies may be misleading, particularly in cases where both social (extrinsic) and physical (intrinsic) attributes play a role in hierarchy formation (Basquil and Grant, 1998; Beaugrand and Goulet, 2000) such that fitness benefits and costs of social rank are overlooked (Sloman and Armstrong, 2002) .
Thus, some studies have examined groups larger than two or three individuals. In such studies, a matrix is used to simplify the relationships among the individuals (Jameson et al., 1999) , and to derive a dominance hierarchy of the group (Martin and Bateson, 1993) . The dominant individual is placed at the top of the matrix, while the most subordinate individual is at the bottom. Linearity may be determined using one of several available models. One such model, Landau's Index of Linearity, provides a measure of the degree to which a dominance hierarchy is linear. This test of linearity is then used to reorganize a dominance matrix to find an order that is most consistent with a linear hierarchy (de Vries, 1998) .
As an alternative to a rigid linear hierarchy determination, Dugatkin's (1997) computer model examining winner and loser effects on the development of dominance hierarchies demonstrated that, when winner effects alone were important, individual rank was clearly defined. When only loser effects were important, however, a clear alpha emerged, but the ranks of the subordinate members were often unclear due to a lack of aggressive interactions. If, however, individuals are capable of assessing their own fighting abilities relative to those observed for other group members by acting as bystanders during encounters between other group members, then a more complex picture arises, as bystanders change their assessment of the protagonists' fighting abilities along with their own assessment of their ability to defeat the protagonist(s). In these cases, the assessment of rank within small groups (e.g., 5 individuals) becomes increasingly difficult and nonlinear (Dugatkin, 2001) and is subject to frequent changes, particularly within middle ranks.
We investigated the relative importance of intrinsic individual characteristics (size and sex) on the establishment of dominance hierarchies of wild-caught grey triggerfish Balistes capriscus in outdoor, naturalistic, large arenas. These fish are commonly found on both sides of the Atlantic and are very common in the Gulf of Mexico (Samuelson and Einarsen, 1996) ; they inhabit tropical to semi-tropical waters and are important members of reef fish assemblages. Their preferred prey consists of bivalves, barnacles, and sand dollars (Vose and Nelson, 1994; Kurz, 1995) , but they are capable of feeding on gastropods, urchins, crustaceans, and other hard-prey items. Social groups are rare for balistid triggerfish, as most patrol territories and are aggressive towards conspecifics; however, groups of grey triggerfish, highly variable in size, can be found in abundance on reefs in subtropical waters (Vose and Nelson, 1994) . In studies on the benefits of grouping behavior or the benefits of weaponry versus defensive posturing in spiny, clawed, and slipper lobster species, grey triggerfish have been observed cooperating to subjugate spiny, clawed, and slipper lobsters via coordination of attack (Herrnkind et al., 2001; Lavalli and Spanier, 2001; Barshaw et al., 2003) . In spite of this cooperation, only one fish appeared to consume the majority of the prey ob-tained, while driving off other fish that had participated in coordinated attack and ultimate subjugation (Lavalli et al., 2000 1 ).
To better understand the group dynamics of the grey triggerfish, we examined their behaviors in several different social settings. Specific questions addressed were: (1) What is the dominance structure of a triggerfish group? (2) Is the hierarchy linear or circular?; (3) Does the size and/or sex of the fish influence the dominance status? (4) Is the group dominance structure related to the dominance status of an individual within a dyad? (5) What behavioral predictors are present that communicate the social status of an individual within a dyad or larger group? Finally, we considered the direct consequences of the hierarchy on individual fish within the group.
Materials and Methods

Collection and handling of animals
Members of intact schools of grey triggerfish were fished from St. John's Bay, Florida (29º48' N 84º26' W), U.S.A. in the northeastern Gulf of Mexico via hook and line, using squid as bait. The depth from which the fish were reeled (~ 20 m) resulted in their swimbladders expanding, and inserting an 18-gauge needle into the lateral post-opercular surface to penetrate the swimbladder relieved this expansion. All fish appeared uninjured following this procedure, and all resumed normal swimming activities immediately following the penetration of the swimbladder. The fish were then transported to the Florida State University Marine Laboratory (FSUML) in Sopchoppy, Florida and held in outdoor pens with ambient, flowing seawater for several weeks (temperature = 23 -25 ºC; salinity = 30 -32 ppt). After this recovery period, they were transported via a live fish transport container (~ 122 cm long × ~ 122 cm wide × ~ 124.5 cm high) with aeration to either the Keys Marine Laboratory (KML) on Long Key, Florida or to the National Marine Fisheries Service (NMFS) facility in Panama City, Florida. During holding and transport times, the triggerfish were held in their original groups of five fish total to maintain prior group ties and hierarchies. All fish were fed a daily diet of frozen squid or crustaceans.
Upon reaching their final destination, the fish groups were allowed two days of acclimation to runways (300 m-long, concrete-lined, continuously flowing waterways with sloped sides) of the KML or to the outdoor corrals at the NMFS. They were then netted and measured to the nearest 1 mm standard length (snout to caudal peduncle) and randomly tagged through the caudal peduncle just below the lateral line with colored Floy Tags (white, red, yellow, or blue). One fish in each group was not tagged but pierced through the caudal peduncle in the same position and manner as the tagged fish.
After tagging, all fish were isolated from each other both physically and visually for 48 h. At the KML facility, oblong isolation pens were constructed of black plastic, diamond mesh aquaculture netting (3/4 in.-diameter), and cable ties. The black plastic was placed along the ends and middle of the divided pens to prevent physical and visual interaction of the fish. These pens were then placed in the non-experimental sections of the KML runways. At the NMFS facility, isolation pens consisted of a fenced-in section 6 m long × 1 m wide × 1 -1.5 m deep (due to tidal fluctuations) adjacent to the observation platform and north of the observation sections. This 6 m-long section was divided into six compartments 1 m long × 1 m wide × 1 -1.5 m deep. Three individual fish from one group were placed into every other compartment to prevent visual and physical interactions among individuals of the same group; a second set of three individuals from another group were placed into the empty compartments and thereby separated from each other visually and physically. The remaining four fish (two from each group) were isolated by placement into opposite sections of two 2 m-diameter pens, divided into quarters. These pens were placed approximately 3 -4 m apart south of the observation arenas.
All fish groups were composed of five individuals initially. In one of our fish groups, however, one of the original five fish became sickly shortly after transportation from the FSU Marine Laboratory in Sopchoppy to the NMFS research center in Panama City. Thus, this fish was not used in pair-wise interactions or in later group interactions, and in this particular group, only four fish constituted the final grouping.
Experimental conditions
The experimental facility at the Keys Marine Laboratory consisted of a large concrete-lined waterway (~ 300 m) supplied with water from the adjacent Florida Bay. This runway was partitioned into sections, one of which measured 5 m long × 5 m wide × 1 m deep and 
Ethograms of behaviors displayed during conspecific encounters
Grey triggerfish behaviors and coloration patterns were catalogued during dyad interactions. These behaviors and colorations were described in all contexts and were scored after the winner of the encounter had been determined. Winner behaviors and colorations were scored as dominant patterns, whereas loser behaviors and colorations were scored as submissive patterns. Where possible, photographs of the behaviors and/or colorations were obtained. 1.4 Hierarchical determination 1.4.1 Dyad hierarchies After the isolation period, random pairs of tagged triggerfish were introduced into the observation arena and observed for 30 min. Only two pairings of fish per group per day were possible (four of the five total fish within a group) to allow fish to recover from their interactions before pairing them with other fish; one fish per group was not observed on any given day. Observations consisted of cataloguing aggressive interactions, displays, and responses (e.g., behaviors, trigger and body positions, and coloration patterns) for 15 min before feeding and 15 min after feeding. Interactions between individuals remained frequent if feeding occurred mid-observation; otherwise, after an initial period of interaction between two fish, the fish tended to decrease their activities and interactions. During the feeding period, one or two pieces of food (squid) were introduced into the observation arena from the observation platform. Fish were considered dominant if they secured the food resource and kept the other fish away from it; the behaviors and colorations that such fish displayed while dominating the food resource were considered more agonistic and were scored as such as part of the determination of rank (see section 1.5). Once every possible pairing of fish was completed, the pairings were randomly repeated for a second run to confirm the dyad hierarchy.
Group hierarchies
Observations of the dyad hierarchy acted as a control for the group study. Group observations began after the establishment of the dyad hierarchy was confirmed via the second set of pairings. Fish comprising the study group were placed into the observation arena (where they stayed for the remainder of the experiment) and observed ad libitum for 1 h. Fish were then fed from the observation platforms, and ad libitum observations continued for an additional hour. All interactions between fish were video-recorded (SONY DCR-TRV9 camera), and vocal descriptions of the behaviors were also recorded either directly onto the videotapes or onto a microcassette recorder. The group observations were repeated daily until the fish hierarchy remained stable for a period of three consecutive days. A stable hierarchy was considered to be one in which a particular pattern of behaviors was maintained over time (c.f., Nelissen, 1985) . At the conclusion of the group trial, individual fish were sacrificed for sexing by gonadal examination (FSU Animal Care and Use Committee Protocol #0105, "Lobster/Triggerfish Behavior").
Data Analysis
Four replicate trials were conducted with fish from four different social groupings caught from the northeastern Gulf of Mexico. Videotapes were analyzed to produce an ethogram of dominant, subordinate, and neutral behaviors and coloration patterns. After testing for homogeneity between pre-food and post-food dyad trials, these trials were combined. Three 5 × 5 and one 4 × 4 chi-square contingency tables (for Groups 1, 2, and 4, and Group 3, respectively) were used to determine if the frequency of colorations displayed was independent of the status of the fish for each of the four groups of fish (Zar, 1999) . Dyadic hierarchies were then examined by scoring the frequency of agonistic behavior and coloration by a particular fish (the winner or loser of the food resource) and constructing a dominance matrix. This matrix was tested for linearity using Landau's Index of Linearity (h):
where: n = number of animals in the group v a = number of animals that individual 'a' dominates This index ranges from 0 to 1.0, with an h value of 1.0 indicating perfect linearity. Values of h greater than 0.9 denote a strong linear hierarchy. Each individual's linearity index value is its rank in the hierarchy. However, if two individuals were assigned an identical index value based on Landau's Index of Linearity, it would be problematic to determine individual rank within the group. Thus, we used an individual's calculated dominance index (0 -1.0) to sort the fish according to their alpha to omega position within the group hierarchy. Behavioral data analyses were performed using public-domain Java Applets for the analysis of behavioral data (available on the Internet at http://caspar.bgsu.edu/ ~software/java/1hierarchy.html) developed by Hemelrijk (1990) .
The hierarchies resulting from the dyadic pairings were compared to those determined for the group, for which the frequency of agonistic behavior and coloration by a particular fish (winner and losers of the food resource) was scored and used in the dominance matrix. The same dominance structure applet was used to calculate the group Landau's Index of Linearity and dominance index to determine the specific ranking of an individual in a group setting. Specific rankings were then used to assign fish into the categories of dominant (index value 1 -0.6), middle-ranking (index value 0.59 -0.4), and subordinate (index value 0.39 -0). The frequency of behaviors displayed by dominant (α, β), middle-ranking (δ), and subordinate (γ, ω) individuals was tallied for individuals in all groups, arcsin-transformed, and compared via a two-factor ANOVA (with rank and sex as the factors) to determine if mean frequency of all behaviors (agonistic, neutral, and submissive) differed among the different ranks and between the sexes of fish (Zar, 1999) . Where significant differences were found, Bonferroni-Dunn post-hoc tests were used to determine which ranks and/or sexes differed in the behavior. Similarly, the frequency of different coloration patterns displayed was also tallied for dominant, middle-ranking, and subordinate individuals, arcsin-transformed, and compared via a two-factor ANOVA to determine if mean frequency of colorations differed among the different ranks and between the sexes of fish. Bonferroni-Dunn post-hoc tests were used to determine which ranks and/or sexes differed in the coloration patterns expressed. Size of fish was examined as a potential factor in the determination of rank by regression analysis. The significant level for all tests was α=0.05.
Results
Behavioral ethograms
Sixteen behaviors and eight color patterns were defined from observations of 19 individual triggerfish within the four separate groups. These behaviors and color patterns can occur simultaneously and may, therefore, convey different meanings. Nevertheless, some behaviors and colors typified dominant or subordinate individuals, and behaviors and colorations could be divided into agonistic, subordinate, or neutral displays.
Agonistic behaviors
The behaviors that most often typified aggression included biting, chasing, and other physical contact such as veering into another fish. Biting involved one fish making physical contact with another via teeth, resulting in the attacked individual usually fleeing to avoid physical injury. Aggressive fish also displayed chasing behaviors that could be short-term (linear) or long-term (involving circular repetitions). A simple Chase (Fig. 1A) consisted of one fish quickly approaching another and pursuing it as it fled. A Circle-chase was an escalated version of a simple chase (Fig. 1A-C) involving two fish swimming in repetitive circles until the chased individual exhibited some other submissive behavior or coloration pattern (such as the Attack Inhibition Display described below and illustrated in Fig. 1C ) besides fleeing. Chases could result from a prior behavior, such as Veer-into (Fig. 1B) , in which the aggressor made a sudden rush towards another fish during an otherwise seemingly passive situation. Veer-into could also lead to biting by the aggressor and flight or Attack Inhibition Display by the attacked fish.
Submissive behaviors
Submissive behaviors involved either action, such as flight, or positioning of the body in a specific vertical plane and a change in color (see Fig. 2A ). Flight (Flee) involved quickly swimming away from an approaching fish to reduce potential harm or to stop a chase sequence. Subordinate body positions included Head-down (Fig. 2B) , in which the subordinate fish positioned its head at a downward angle, and Head-up (Fig. 2C) , in which the head position was at an upward angle from a horizontal plane. In contrast to a normal feeding position, a head-down display was seen in conjunction with some combination of a Trigger-up display, light subordinate coloration, and a Hover. Likewise, head-up could include one or all of these additional displays. If all three conditions existed with head-down or head-up, this combination of dis-plays described an Attack Inhibition Display or AID ( Fig. 2D; Fig. 3A-C) .
The trigger-up display (Fig. 2D ) involved an upward and forward movement of the most anterior dorsal fin spine. This modified spine, for which triggerfish have acquired their name, has many functions, e.g., self-defense in the event of being swallowed or, when used in conjunction with a smaller ventral spine, resting or sleeping while wedged in reef structures. A solitary fish with a trigger-up display is often observed to be involved in an activity that requires some amount of focus on the task at hand, e.g., predatory feeding behavior or being alert to a possible threat in its vicinity. In a paired or group situation with conspecifics, the trigger-up position signals subordination. In a potentially escalating situation in the presence of a dominant fish, a subordinate fish will often raise its trigger either partially or fully. The α-ranked fish rarely raised its trigger in an established dominant/subordinate relationship. Middle-ranking individuals may or may not raise their trigger, depending on the situation and the stage in the establishment of the relationship. Subordinate fish are most likely to continually use the trigger-up display, often as part of an AID. It is notable that the dorsal trigger spine has not been observed as a weapon but mostly as a tool for communication. In contrast, in a trigger-down display (Fig. 2E) , the most anterior dorsal fin spine is lowered after being in an up position. Normally, the trigger is down when swimming, hovering, or inactive. Alpha fish rarely displayed trigger-up followed by trigger-down to subordinate fish unless seriously challenged.
An Attack Inhibition Display describes a submissive behavior or sequence of submissive behaviors designed to avoid confrontation and unnecessary energy expenditure in defending one's place in a dominance hierarchy. An alpha fish never displayed an AID. The AID frequency increased with greater levels of subordination, as evidenced by the increasing frequency of pale coloration, trigger-up, head-up, or head-down behaviors. It was most often displayed while in a hover position (usually) perpendicular to the dominant fish for which the display was meant and while using colorations of speckled, grey, or white (Fig. 3A-C) . 
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Fig. 3 Sequence of behaviors involved in a typical Attack Inhibition Display
A. Approach of dominant fish from above (out of view) while a middle-ranking fish (bottom) Passes a subordinate fish that is displaying Trigger-up behavior and an off-White coloration. B. Subordinate fish intensifies blanching to achieve a pure White coloration and repositions body into a Head-down posture in response to approaching dominant fish. C. Subordinate fish intensifies Head-down posture while dominant fish examines it.
Neutral behaviors
Several behaviors were seen in all fish, regardless of rank. When in pairs or in group settings, all fish typically Approach other individuals. Generally, an approach towards another fish is benign, but it could be a prelude to a chase or veer-into. An approach may or may not elicit a response from either party, but typically it elicited a passing behavior in which the approaching fish would simply examine the other fish and swim past it (Pass). Another behavior performed by all fish was Hover, which consisted of fluttering the dorsal and anal fins to remain suspended in place. Hovering typically occurs after the fish has approached a prey item and is determining where to strike the prey (Lavalli and Spanier, 2001 ), but it was also used in conjunction with an AID by subordinate fish. Backward-swimming, swimming in reverse, usually occurred when subordinate fish attempted to get out of the way of an approaching dominant fish. It was also often used in conjunction with hover while feeding. Fish also displayed a Blowing-water behavior in which they would forcibly blow water at an object (usually food) to flip it over or blow sediment off it. After gaining control over a food item, fish could display a Wobble behavior in which they rocked side-to-side while swimming slowly. Flatten (Fig. 2F ) was used in two contexts: when resting during the day on the bottom of the mesocosm and when swimming over prey with weaponry (e.g., spiny lobsters) to reach a better angle for attack (Lavalli and Herrnkind, 2009 ). When resting, flatten was always combined with a mottled coloration pattern. Fish also engaged in schooling behavior when searching for food or exploring their environment.
Coloration ethograms
B. capriscus is typically found as a solitary fish and displays a Light-banded coloration (Fig. 4A) . In this coloration, most of the fish is a grey speckled color, but several (two to three) bands of darker grey appear from the dorsal edge of the body near the trigger and dorsal fin and continue down the sides of the body no further than the level of the pectoral fins. The belly is typically white. In this set of experiments, the light-banded coloration was displayed by all fish in a "normal" state, i.e., not harassed or otherwise occupied. In a group situation, the α-ranked fish remained light-banded in most situations, except feeding and resting, when it could take on a dark-banded or mottled coloration, respectively. The light banded coloration used 77 to 98% of the time, was most commonly displayed by individuals of high hierarchical position (Fig. 5A) .
A Dark-banded coloration was observed in all fish engaged in frenzied feeding or a predatory attack mode and was an amplification of the bands seen in the light-banded display (Fig. 4B) . Otherwise, in a group situation, α-ranked fish used it as coloration pattern ~2 to 20% of the time (Fig. 5A) , while middle-ranking fish displayed dark banding to a more dominant fish ~17 to 58% of the time (Fig. 5B) . The dark-banded coloration was used by the lowest ranked fish ~7 to 33% of the time (Fig. 5D) , although in one of our fish groups it was the primary (69% of the time) color pattern of the ω-ranked fish (Fig. 5D) .
A solid Grey coloration (Fig. 4C ) was often displayed momentarily in conjunction with an AID by a subordinate fish as a dominant fish approached and passed by. High level middle-ranking (β and γ) fish used this coloration pattern ~0 to 37% of the time (Fig. 5B) , while lower level middle-ranking (δ) fish used it 0 to 33% of the time (Fig. 5C ). The ω-ranked fish used this pattern ~7 to 63% of the time (Fig. 5D ). By contrast, α-ranked fish never used this color pattern. Likewise, White (Fig.  4E) was never used by α-ranked fish, but was used by all other ranks: 2 to 22% by high middle-ranking (β and γ) fish (Fig. 5B ), 2 to 38% by low middle-ranking (δ) fish ( Fig. 5C) , and 2 to 48% by ω-ranked fish (Fig. 5D) . Four rare coloration patterns were Black (Fig. 4D) , Mottled (Fig. 4F) , Speckled (Fig. 4G) , and Olive (Fig.  4H) . Black, a dull charcoal coloration, was seen mostly in middle-ranking fish (0 to 9% of the time) (Fig. 5B, C) and very rarely in ω-ranked fish (Fig. 5D) . Speckled, an intermediate coloration between grey and white with iridescent flecks of blue or green, was seen in middle-ranking (0 to 17% of the time, Fig. 5B, C) and ω-ranked fish (~2% of the time, Fig. 5D ) and was used during an AID or while schooling. Mottled, a pattern similar to dark banded but with disrupted bands, and olive, a solid light brown, were seen less than 1% of the time in these fish and were used when the fish were resting in a flatten position or when schooling, respectively.
Hierarchical determinations 2.3.1 Dyad hierarchies
Paired interactions between fish comprising a full group were undertaken before, during, and after feeding to determine the hierarchy based on a dyad analysis. The behaviors and coloration patterns observed during the dyad observations (described above) were categorized into agonistic (e.g., Bite, Chase, Circle chase, Veer-into, Light-banded, Dark banded, Black), submissive (e.g., Flee, Head-down, Head-up, Trigger-up, Grey, White, Speckled), and neutral (e.g., Approach, Pass, Flatten) displays and tallied for each fish pair interaction to determine dominant or subordinate status. Observations of the behaviors displayed by paired fish were used to construct a dominance matrix for each group of fish (Table 1) by scoring the average frequency of agonistic behaviors/color patterns of the fish during the four 15-min observation periods per pairing. The dominance matrix was tested for linearity via Landau's Index of Linearity (h), and all ties in rank were sorted via a dominance index calculation for each individual (as per the Java Grinder program of Dr. Robert Huber of Bowling Green University, Ohio, USA, at http://caspar.bgsu.edu/ %7esoftware/Java/1Hierarchy. html). Despite attempts to increase interactions by feeding midway through the 30-min observation period of the dyads, frequency of interactions varied greatly among paired individuals and groups. Group 1 fish displayed a high frequency of agonistic interactions, particularly chasing behavior, and a low frequency of trigger-up behavior. Likewise, Group 3 fish were highly interactive, with a high frequency of veer-into and chasing behaviors in the dominant fish and high frequencies of trigger-up and head-down body positions in the subordinate fish. Group 2 fish had a low frequency of interactions between individuals within a pairing, but clear submissive behaviors were present that allowed ranking of the subordinates. In Group 4, neutral behaviors were the most commonly displayed, but dominant individuals chased more frequently, while subordinates displayed head-up or head-down body positions with white or grey colorations patterns. Coloration patterns displayed by fish in these pairings were not independent of fish rank (χ 2 = 160.27, df = 12, P < 0.001 for Group 1; χ 2 = 156.63, df = 12, P < 0.001 for Group 2; χ 2 = 443.98, df = 6, P < 0.001 for Group 3; and χ 2 = 252.898, df = 12, P < 0.001 for Group 4; see Fig. 5A-D) . Dominant fish were more often light-banded and dark-banded than subordinate fish. Subordinate fish showed more white, dark-banding, gray, and black and less light-banding. The hierarchies for Groups 1, 3, and 4, based on the dyadic pairings, was perfectly linear (h = 1), while that for Group 2 was highly linear (h = 0.95).
Group hierarchies
In the same manner that behaviors and colorations defining dominant and subordinate fishes were determined in dyad observations, group data were compiled from Day 1 pre-food observations, which occurred immediately after fish from a particular group were first placed together in the observation arena. Again, behavioral and coloration patterns provided values for dominance matrices so that group dominance hierarchies could be compared to dyadic dominance hierarchies to determine if dyadic pairings were a good predictor of dominance patterns within a group of triggerfish. In the case of Groups 1 and 3, the dyadic interactions were a good predictor of the structure of the hierarchy. While the dominance index values for a particular individual changed, the actual rankings did not (Table 2 ). In contrast, for Groups 2 and 4, the dyadic interactions were a good predictor of the α-ranked fish only; the dyadic interactions did not accurately predict the hierarchy for middle-ranking and lower-ranking fish. For example, NT-2 was scored as a subordinate individual (δ) from the dyad data but moved to the γ position (higher rank), while B-2, scored as the second-most dominant fish (β) in the dyad interactions, moved to the lowest rank (ω) in the group hierarchy. Similarly, NT-4 moved from the lowest rank (ω) in the dyad interactions to the second-highest rank (β) in the group interactions, while B-4 moved from the γ position to the ω position and R-4 moved from the β position to the γ position (Table 2) . Hierarchies in all groups were found to be perfectly linear (h = 1).
Effects of size and sex on behavior, coloration, and hierarchical rankings
Following the behavioral observations, the fish were sacrificed, measured for standard length, and sexed. Size influenced ranking of fish in dyad trials such that the largest fish in each pairing always occupied the highest rank (α). However, size did not always influence the position of the middle and lower ranks (Fig.  6A) , such that the most subordinate fish (ω was not always the smallest fish. Despite this, regression analysis demonstrated a strong relationship between rank and size (r 2 = 0.716, P < 0.001; Table 3 ). Likewise, size was related to rank in the group setting (Fig. 6B ), but not as strongly as in the dyad setting (r 2 = 0.5912, P < 0.001; Table 3 ). The largest fish was always the dominant (α), but the most subordinate fish (ω) was not always the smallest fish. Both behaviors and coloration patterns were examined via a two-factor analysis of variance (ANOVA) to determine if either rank or sex (or both) influenced the frequency of displays by a particular fish (see Tables 4  and 5 ). Frequency data were arcsin-transformed prior to ANOVA analysis to adjust the data to a normal distribution. All fish from all groups were divided into dominants (index of 1 -0.60), middle-ranking individuals (index of 0.59 -0.40), and subordinates (index of 0.39 -0).
Fish rank had a significant effect on the expression of approach behavior (two-factor ANOVA, F 2, 13 = 19.71, P < 0.001, Fig. 7) . While there was a trend for an interaction between rank and sex, this trend was not significant (two-factor ANOVA, F 2,13 = 2.851, P = 0.094) and is likely the effect of one sex being more common in each of the groups of fish. Post-hoc tests showed that dominant fish approached more frequently than did middle-ranking and subordinate fish (Bonferroni-Dunn, P = 0.004 and P < 0.001, respectively), and middle-ranking fish approached more frequently than did subordinate fish (Bonferroni-Dunn, P < 0.011). Fish rank also had an effect on the expression of pass behavior (two-factor ANOVA, F 2,13 = 7.645, P < 0.01, Fig. 7) , with dominant Frequency of dominant behaviors scored to determine dominance index for each individual fish and to assess rank. (df = 12, n = 20 for Groups 1, 2, and 4; df = 6, n = 12 for Group 3). Dominance index (D.I.) and Landau's Index of Linearity calculated by the program at http://caspar.bgsu.edu/%7esoftware/Java/1Hierarchy.html. SL = Standard length in cm. Bars indicate significant differences (two-factor ANOVA; see Table 4 for specific P values) between ranks of fish. n = 6 for dominant and middle-ranking fish; n = 7 for subordinate fish; n = 9 for females; n = 10 for males.
fish passing more frequently than did subordinate fish (Bonferroni-Dunn, P < 0.003). Fish rank also influenced the expression of trigger-up and head-down. Trigger-up was displayed more frequently by subordinate fish than by middle-ranking fish (two-factor ANOVA, F 2,13 = 13.11, P < 0.001, Bonferroni-Dunn, P < 0.014, Fig. 7 ) and more frequently by middle-ranking and subordinate fish than by dominant fish (Bonferroni-Dunn, P = 0.038 and P = 0.0001, respectively). There was a tendency for there to be an interactive effect between rank and sex for the expression of trigger-up (two-factor ANOVA, F 2,13 = 3.19, P = 0.075), but this trend was not significant and is likely due to one sex predominating in each of the groups. Head-down, often used in conjunction with trigger-up, was displayed more frequently by subordinate fish than by middle-ranking fish (two-factor ANOVA, F 2,13 = 11.86, P = 0.001, Bonferroni-Dunn, P = 0.018, Fig. 7 ) and by subordinate more than by dominant fish (Bonferroni-Dunn, P < 0.001). There was no difference in the frequency of expression of head-down by middle-ranking and dominant fish.
There was no effect of rank or sex on the expression of veer-into, chase, flee, bite, or head-up behavior. These behaviors were infrequent compared to the other behaviors (Fig. 7) .
As with some behaviors, there was a significant effect of rank, but not sex, on the expression of various coloration patterns (Fig. 8) . The light-banded coloration was expressed significantly more often by dominant fish than either by middle-ranking or subordinate fish (two-factor ANOVA, F 2,13 = 7.22, P < 0.01, Bonferroni-Dunn, P = 0.045 and P < 0.01, respectively). Middle-ranking and subordinate fish displayed the same frequency of light-banded coloration. While there was no significant effect of rank or sex on the expression of dark banding, there was a trend for rank to have an effect (two-factor ANOVA, F 2,13 = 2.99, P = 0.085). Grey coloration was expressed more frequently by subordinate fish than by dominant fish (two-factor ANOVA, F 2,13 = 3.88, P = 0.048, Bonferroni-Dunn, P = 0.022), but middle-ranking and subordinate fish expressed this coloration with the same frequency. Despite the frequent pairing of white coloration with submissive behaviors (head-down, trigger-up), there was no significant effect of rank or sex on its expression, although there was a trend for rank to exert some effect (two-factor ANOVA, F 2,13 = 3.52, P = 0.06). Speckled and black colorations were so infrequently displayed by any rank of fish that they could not be examined for rank and sex effects. Bars indicate significant differences (two-factor ANOVA; see Table 5 for specific P values) between ranks of fish. n = 6 for dominant and middle-ranking fish; n = 7 for subordinate fish; n = 9 for females; n = 10 for males.
Discussion
The grey triggerfish B. capriscus uses a series of behaviors, body postures, and coloration patterns to communicate status to conspecifics within a social group. Dominant-ranking fish predominantly use a light-or dark-banded coloration and tend to frequently approach and pass lower-ranking individuals as part of an overall behavioral sequence (Lavalli and Spanier, 2001 ). Both middle-ranking and subordinate fish use a wider variety of coloration patterns, depending on the rank of the individual with which they interact. These patterns include light-banded, dark-banded, grey, white, black, and speckled and are often combined with head-down and trigger-up behaviors that are not often seen in dominant-ranking fish. Such signals may be very important to individuals within a social group, especially if an individual can use these cues to deduce rank without having to engage in agonistic encounters. Some fish species are capable of inferring hierarchical arrangements when acting solely as bystanders watching fights between pairs of individuals comprising a larger group (Grosenick et al., 2007) . This ability would be most useful to new individuals joining a social group in which the hierarchy is already established, and we have noted that triggerfish groups on the same reefs vary in number from as few as two individuals to as many as 23 (Lavalli and Herrnkind, 2009) , suggesting that there may be a high level of fusion and fission in such groups.
While dominant-ranking fish used only a banding coloration pattern that switched between light, almost negligible bands, to an intensified banding (darker), lower-ranking fish switched rapidly among a variety of colorations, presumably using a variety of chromatophores (melanophores, leucophores, xanthophores, and iridophores) to do so. Fish chromatophores can be under nervous and/or endocrine control (Fujii, 2000) , and it is likely that the rapid responses seen in this study were the result of nervous activity stimulated by retinal input of information presented by other fish within the pair or group settings. Dominant fish may, however, have much of their chromatophore (melanophore) activity under endocrine control, particularly after they have won encounters with other fish. Such endocrine changes are known for "winners" of other taxa (c.f. crayfish, Huber and Delago, 1998; Huber, 2005; Oyegbile and Marler, 2005) and result in behavioral differences among dominant and subordinate individuals, at least in the short term. In pumpkinseed sunfish Lepomis gibbosus, winners were very likely to win subsequent contests only if they fought opponents within a short period of time. If, however, they fought opponents after a waiting period exceeding 1 h, they tended to have a lower-than-expected chance of dominating their second opponent (Chase et al., 1994) . These results suggest that winner effects may be of only short-term importance. Such winner and loser effects have been found in blue gourami Macropodus opercularis, three-spined sticklebacks Gasterosteus aculeatus, swordtails Xiphophorus helleri, and pumpkinseed sunfish, with the effects lasting a variable period of time depending on species (Francis, 1983; 1987; Bakker and Sevenster, 1983; Beacham and Newman, 1987; . In most studies, fish memories of other individuals tend to be short-term if separated (Johnsson, 1997; Miklosi et al., 1997) , but they may be constantly reinforced when fish are in long-term associations with each other.
Other studies focusing on visual communication between fish opponents have described similar color changes for winners and losers in combat (Beeching, 1995, Dawkins and Guilford, 1993) . Beeching (1995) described how defeated oscars Astronotus ocellatus undergo a change in color pattern in which the normal olive green to brown body coloration darkens to near-black with irregular white barring. This banded pattern inhibited further aggression by dominant tank mates. Dawkins and Guilford (1993) described the rapid and frequent changes of body coloration of the terminal phase of the adult male bluehead wrasse Thalassoma bifasciatum. Body coloration changed from bright green when an individual was aggressive towards other fish to opalescent when an individual was courting females and spawning. Likewise, juvenile Atlantic salmon Salmo salar typically adopted a uniformly pale coloration when on light-colored substrate but darkened both the body and sclera in response to losing an aggressive encounter with a dominant fish (O'Connor et al., 1999) . Abbott et al. (1985) showed that subordinate rainbow trout Oncorhynchus mykiss both darkened their body coloration and altered their body postures when dominant fish were present. Subordinates generally retreated from the dominants and increased the curvature of their dorsal outline in what was termed a "hunched posture." In other fish species, darkened bars signal aggression (Neil, 1983 (Neil, , 1984 Zimmerer and Kallman, 1988; Hurd, 1997) and may also provide information about an individual's size, since the number of bars and the extent of their area will be greater in larger specimens (Zimmerer and Kallman, 1988 ). Our results demonstrate that triggerfish are but another fish species that uses both body coloration and posture to indicate current intention as well as immediate future behavior, and that the banding patterns displayed most frequently by the dominant and middle-ranking fish may provide a rapid assessment of size in this species. In addition, since barred patterns are more conspicuous in water where light is scattered (Lythgoe, 1979) , they may provide longer-distance signaling among individuals on a reef. Triggerfish seem to use a combination of light colors with conspicuous bands to indicate the highest ranks and a darker color with more intensified bands to indicate middle ranks (Fig. 8) . Lack of bands and a decrease in or absence of pigmentation appear to indicate the lowest ranks. We have noted in previous field experiments that one or two triggerfish arriving at a reef will often disappear and recruit other conspecifics to that reef. Once a group of triggerfish is present, individuals will display different coloration patterns to each other while only one or two fish attempt to subdue tethered decapods (Barshaw et al., 2003; Lavalli and Herrnkind, 2009) . We have also noted that banding and coloration patterns differ among individuals engaged in subduing free-ranging spiny lobsters in large, naturalistic mesocosms (Lavalli, unpublished data) . Hence, it is likely that these coloration patterns, as well as body postures, are important signals in this species.
A number of studies using vertebrates show that the relationship between paired individuals is not necessarily the same when those individuals are found in a larger group setting (Neilssen, 1985; Holekamp and Smale, 1991; Chapais, 1995; Oliveira et al., 1998; Chase et al., 2003) . This predictive failure of the dyad approach to assessing dominance relationships may result because interactions amongst many individuals may be influenced not only by intrinsic attributes of the individuals (size, weight, age, etc.) but also by extrinsic attributes relating to the social network in which the individuals exist. With regard to social fish, individuals are capable of ascertaining the fighting abilities of other individuals that they observe in contests (McGregor, 1993; Johnsson and Akerman, 1998; Oliveria et al., 1998; Herb et al., 2003) and some of these bystanders even undergo hormonal changes when observing such contests (Oliveira et al., 2001) or develop preferences for interacting with those who have not seen them lose an encounter (Herb et al., 2003) . As with these studies, our results -wherein hierarchies determined by dyads were the same as hierarchies seen in group settings only 50% of the time -indicate that dyadic relationships are not an effective predictive tool for determining a dominance hierarchy in a group of four to five fish. Like Oliveira et al. (1998) and Chase et al. (2003) , we conclude that for fish species found in groups, dominance hierarchies need to be studied at the group rather than the paired level so that the effects of observation, eavesdropping, and social context can be allowed to play their appropriate roles in the determination of relationships among individuals.
What intrinsic factors seem to influence rank in triggerfish? In salmonids, body size is generally a good indicator of social status. Large individuals of Salmo salar often become dominant as they become larger and win more and more contests; however, a smaller fish with a greater number of prior wins may emerge dominant over a larger fish with fewer prior wins. Results suggest that prior wins and losses influence an individual's fighting ability to a greater extent than size, thereby affecting its position in the hierarchy (Metcalfe et al., 1992; Beaugrand and Cotnoir, 1996) . In a study to determine who picks on whom, Castro and Caballero (1998) found that dominant juvenile white seabream Diplodus sargus cadenati carry out aggressive attacks selectively on fish whose subordination level is immediately inferior to their own to establish a peck-dominance hierarchy. The level of subordination is directly related to an individual's body size. In triggerfish, large size seems to be the major determinant of which fish will occupy an alpha position, but size is not coupled to the determination of the precise level of subordination. Therefore, it seems likely that triggerfish may use mainly extrinsic encounter effects (wins and losses) to determine the middle and lower ranks within a group. Sex does not seem to play a role in rank determination in this species.
